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(54) Multi-direction camera 

(57). A multi-direction camera comprises a mirror (3) 
having two reflecting surfaces (31, 32) and arranged in 
front of a lens (4) for reflecting light received from two 
viewing directions (61 , 62) to form two adjacent images 
on an image-sensing device (7). In view of separating 
these images by a clear boundary line shields (23, 24) 
formed by opaque rim portions of viewing windows (21, 
22) each facing one of the mirror's two reflecting sur- 
faces (31, 32) are imaged onto the center line area of 
the image-sensing device. A partition member (81) is 
arranged close to the apex of the mirror (3) to avoid for- 
mation of ghost images. 



[Fig. 1] 
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Description 

The invention relates to a multi -direction camera in 
accordance with the preamble of claim 1 . 

Such a multi-direction camera is disclosed inllapa- 5 
nese Unexamined Utility Model Publication Hei No. 1- 
109447. This camera allows to check traffic conditions 
on a crossing road- for safety on the basis of images 
taken by a camera mounted on the forward end portion 
of the automobile. Thus if an automobile equipped with io 
such a camera enters a crossing, the driver gets infor- 
mation on other oncoming vehicles, even if the crossing 
is a blind corner, which under normal conditions is diffi- 
cult to check as to other vehicles approaching. Thus 
safety is increased irrespective of whether there are is 
traffic lights at this crossing or not. , . « 

Figures 6-10 show a prior art multi -direction cam- 
era. Figure 6 is a top view of an automobile B, on which 
a multi -direction camera A is mounted, and, shows 
angles of view 01 and 02 that the camera shoots images 20 
in the directions to the left and the right of the automo- 
bile. * ! . . . 

The multi-direction camera is constructed as fol- 
lows: 



This known multi-direction camera has a drawback 40 
in that the left and right images a and b formed on the 
CCD device M are not clearly bounded by boundary line 
c. For.example there is nothing to indicate the boundary 
c between the two images as may be seen from figure 

9. Thus the left image a is not clearly distinguished from 45 
the right image b or the left and right images are not 
quite focussed near the boundary & as shown in figure 

1 0. The latter case is due to the fact that the edge line K 
of the mirror E, which corresponds to the boundary line 

c, appears as a part of the image; however, the edge so 
line K is not quite focussed, since the edge line K is too 
close to the lens F to be accurately focussed. 

In order to solve this problem an electronic super- 
imposing circuit might be employed in order to display 
the left and right images a and b with a boundary line c ss 
electrically superimposed therebetween. However, 
superimposing a boundary line c by electronic circuitry 
is disadvantageous in that the costs of the multi-direc- 
tion camera are increased. 
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Thus the object, of the present invention is to pro- 
vide an improved multi-direction camera, in which a 
clear boundary line is formed between a plurality of 
sensed images without using electrical means. 

In accordance with the present invention this object 
is solved by a multi-direction camera in accordance with 
claim 1. 

Preferred further improvements of the invention are 
referred to in the subclaims. 

The further improvement of claim 5 is advanta- 
geous in view of avoiding ghost images, which in the 
known multi-direction camera shown in figures 6-10 
appear in the video image due to various reflections 
occuring within the camera. 

The principle of how these ghost images are pro- 
duced will now be described with reference to figure 7 
and 8. For example, at night the left window I receives 
light beams from light sources N such as headlights of 
other vehicles oncoming on the left side of the automo- 
bile. The light beams L1 are reflected by the mirror E 
and are then received by the lens F, which in turn forms 
images on the CCD device M. Thus the image of the 
headlight sources N appear in the left image a as shown 
in figure 8. If there is no light source on the road to the 
right of the automobile, no image should appear in the 
right image b in figure 8. However, light beams L2 inci- 
dent through the left window I are reflected by the right 
window J as shown in figure 7, and are further reflected 
by the mirror E. The reflected light beams are received 
by the lens F which in turn forms images- of the light 
beams 1 L2 on the CCD device M. The light beams L2 
result in a ghost image of the light sources N in the right 
image b as shown in figure 8. In accordance with the 
invention by provision of a shield member projecting 
from the light deflecting means (the mirror E) the light 
beam L2 is cut and no ghost image is obtained:- 

Preferred embodiments of the invention will now be 
described in more detail referring to ! the drawings.- 
Therein '■' > • > ; ,1 ; , 

Figure 1: is a cross sectional' view shownig an 
essential part of a first embodiment of a 
multi -direction camera in accordance 
with the present invention; 

Figure 2: is an exploded perspective view of the 
multi-direction camera shown in figure 
1; 

Figure 3: illustrates a video imgage obtained with 
the multi-direction camera shown in fig- 
ure 1 , wherein a vehicle approaching to 
a crossing from. the left does not give 
rise to a ghost image in the right hand 
image; 

Figure 4: illustrates a video image, in which a 
clear boundary line between the left 
hand and the right hand images is 
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As shown in figure 7, the multi-direction camera A 
includes a case C, cover D, mirror E, lens F, lens 
mount G, circuit board H, and windows I and J. The 
mirror E reflects light L1 , which is incident from the 
left and right directions with respect to an edge line 30 
K of the mirror E. The lens F receives the reflected 
light and causes an image to be formed on an 
image-sensing device M in the form of a CCD 
(charge coupled device) mounted on the circuit 
board H. In this manner, the multi-direction camera 35 
A takes the left and right hand images viewed in the 
directions to the left and right of the automobile B, 
the angles of view being 01 and 02, respectively. 
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shown, which is provided by the multi- 
direction camera of figure 1 ; 

Figure 5: is a cross sectional view of an essential 
part of a second embodiment of a multi- 
direction camera in accordance with the 
present invention; 

Figure 6: is a top view of an automobile equipped 
with a multi-direction camera; 

'{• 

Figure 7: is a cross sectional view of a prior art 
multi-direction camera; 

Figure 8: illustrates a video image, in which a 
ghost image appears due to the con- 
struction of the prior art camera shown 
in figure 7; 

i . . - *. 

Figure 9: illustrates a video image taken with a 
prior art- multi -direction camera and 
showing that in this image there is noth- 
ing to indicate the boundary between 
the left image and the right image; 

Figure 10: illustrates a blurred boundary between 
the left image and the right image in the 
prior art camera shown in figure 7; and 

Figure 11: is a plan view of a modified image sen- 
sor used for providing clearly distinct left 
and right hand images. 

A first embodiment of the invention will now be 
described with references to figures 1 -4/ 

In the figures, reference numeral 1 denotes a case, 
2 a cover;- 3 a mirror, 4 a lens, 5 a lens mount.6 a circuit 
board, 7 an image-sensing device, 8 a mirror holder, 9 a 
fixing plate, 10 a packing, 1 1 and 1 2 vibro-isolaiting rub- 
ber, 13 a filter, 14 a spacer and -15 a sub circuit board. 
These structural elements are now described in more 
detail: ' 4 ' • ■ " 

' The case 1 is formed of a opaque material and 
assembled to the cover 2 to form a housing for thie cam- 
era. A packing 10 is inserted between the case 1 and 
the cover 2 to form a water-tight construction. 

The cover 2 is opaque except for left and right win- 
dows 21 and 22. The cover is constructed by an appro- 
priate process? for example by insert-molding the left 
and right windows 21 and 22 formed of a transparent 
acrylic resin into an opaque member, or by first forming 
the entire cover 2 of a transparent acrylic resin and then 
applying a black pigment paint to the cover 2 with the 
left and right windows 21 and 22 left unpainted. 

The cover 2 has shields 23 and 24. The shields 23 
and 24 are located such that the lens 4 receives a part 
of each of black images of the shields 23 and 24, and 
the black images serve as a boundary line c between 
the left image a and the right image b. 



The mirror 3 is molded of a synthetic resin and has 
triangular end faces and two reflecting surfaces 31 and 
32, on which aluminium is vapor-deposited to form mir- 
ror surfaces thereon. The two reflecting surfaces 31 and 

5 32 meet each other at an edge line 33. 

The lens 4 condensing the light reflected by the 
reflecting surfaces 31 and 32 of the mirror has a focal 
plane thereof on the surface of the later described 
image-sensing device 7. The focal length of lens 4 is 

10 short (about 10 to 15 mm) as is customary in small solid 
state TV cameras used for monitoring purposes. So the 
edges of the windows and the crossing street as well as 
vehicles approaching the crossing are both sharply 
imaged onto the image-sensing device 7. 

is The image-sensing device 7 is mounted on the cir- 
cuit board 6 and the lens 4 is mounted on the circuit 
board 6 by means of the lens mount 5. The lens mount 
. 5 includes a spacer^ 4 and a filter 13 that shields light 
having. wave lengths other than visible light. , 

20 The circuit board 6 carries a subboard 15 and ter- 

minals 61 as well as the lens mount 5 supporting the 
lens 4. The terminal 61 outwardly extends to holes 1a in 
the case so that the circuit boards -may be electrically 
connected via the terminals 61 to an AV (audi visual) 

25 apparatus, not shown, which is arranged in the passen- 
ger space of the automobile. Between the circuit board 
6 and the cover 2 are inserted the vibroisolating rubber 
members .1 1 and 12, which resiliently support the circuit 
board 6. . . . :. 

30 The image-sensing device 7 is a device for convert- 
ing.the light image formed on the surface thereof into an 
electrical video signal. The image-sensing device takes 
the form of a CCD in this embodiment. 

The mirror holder 8 is formed of an opaque material 

35 in one piece with, a partitioning plate 81. The mirror 
holder 8 supports the mirror 3 and is fixed to the case by 
means of fixing plate 9. The partitioning plate 81 is pro- 
vided on the edge line 33 and extends towards the lens 
4. The partitioning plate 81 optically isolates the two 

40 reflecting surfaces 31 and 32 one from the other so that 
light, from one surface does not enter the light path 
through which light from the other surface enters. This 
construction thus eliminates .formation of ghost images. 
Thus the light incident through the left window 21 is 

45 reflected only by the left reflecting surface 31 and does 
not enter the right reflecting surface 32. Likewise, the 
light incident through the ; right window 22 is reflected 
only by the right reflecting surface 32 and does not enter 
the left reflecting surface 31. . ....... .... 

so The mirror 3 has the form of a hollow triangular 
prism, the upper and lower end faces of which are pro- 
vided with projections 34. These cooperate with mating 
recesses 82 formed in the bottom portion of trough 
shaped upper and lower end faces of the mirror holder 

55 8. i. - *■ * - - 

The multi-direction camera of the afore mentioned 
construction is mounted on the forward end portion of 
an automobile, for example, near the bumper. The lens 
is oriented to face a direction opposite to the direction of 
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travel of the automobile. The left reflecting surface 31 is 
oriented to face a direction to the left of the automobile 
and the right reflecting surface 32 to face a direction to 
the right of the automobile. Orienting the lens to face a 
direction opposite to the direction of travel of the auto- 5 
mobile, provides video images such that the images 
formed on the surface of the image-sensing device 7 
and displayed on the screen of the AV apparatus are the 
same as what the driver sees by his eyes, i.e. the left 
image does not appear on the right in the displayed 10 
image and the right image does not appear on the left. 
This provides good, clear and easy to interpret visual 
information. 

The operation of the multi-direction camera 
described above is as follows: is 

The mirror 3 reflects light incident on the reflecting 
surfaces 31 and 32 thereof from-the directions to 
the left and right of the automobile, and the angles 
of view are 01 and 62, respectively. The lens 4 20 
receives the light reflected by the mirror 3 to form 
images on the surface of the imgage-sensing 
device 7. The left image a is formed by the light inci- 
dent through the left angle of view 91 and the right 
image b by the light incident through the right angle 25 
of view 62 as shown in figure 4. The black images of 
the shields 23 and 24 received by the lens 4 are 
also formed midway between the left image a and 
the right image b thus serving as the boundary line 
c. Since the shields 23 and 24 are away from the 30 
lens 4, the images of shields 23 and 24 are well 
focussed to form a clear image of the boundary line 
c. » 

When the vehicle equipped with the multi-direction 35 
camera at night approaches a crossing, a light beam L1 
enters through this left window 21 from the light source 
N such as a headlight of another vehicle approaching 
the crossing from the left of the automobile as shown in 
figure 1 . The light beam LI is reflected by the left reflect- 40 
ing surface 31 of the mirror 3 and the lens 4 receives the 
reflected light beam to form a image on the image-sens- 
ing device 7. Thus an image of the light source N 
appears in the left image a as shown in figure 3. Since 
there is no light source in the direction to the right of the 45 
automobile, no image appears in the right image b in fig- 
ure 3. Due to provision of the partitioning plate 81, no 
ghost image of the light source N in the right image b is 
obtained, either, as has been explained in detail above. 

Figure 5 shows a second embodiment of a multi- 50 
direction camera in accordance with the present inven- 
tion. . 

The construction of the second embodiment differs 
from the first embodiment as to provision of shields 25, 
26. 27 and 28. Below only these shields 25, 26, 27 and 55 
28 will be described, while description of the rest of the 
camera will be omitted, since these components have 
already been described in connection with the first 
embodiment. Although the shields 25 and 26 differ from 



the shields 27 and 28 in type, they are shown in figure 5 
together for convenience of explanation. 

The shields 25 and 26 of one type are, for example, 
an opaque tape sticked to the cover 2. The use of an 
opaque tape lends itself to, for example, improving exist- 
ing products. 

The shield 27 and 28 of the other type are in the 
form a black plate provided within the cover 2. If the light 
entering the camera from outside is reflected by the sur- 
face of the shield 27 and 28, such reflection results in 
poor performance of the multi-direction camera. There- 
fore, the surfaces of the shield 27 and 28 are preferably 
rough surfaces. 

A further way of providing a sharp boundary line c 
between the left image a and the right image b is shown 
in figure 1-1: 

An opaque strip of material 71 is attached to the 
centre line of the image-sensing device 7. Alterna- 
tively the opaque layer may be formed by directly 
printing black paint onto the front surface of the 
image-sensing device 7, e.g. by a screen printing 
process. 



Claims 

1. A multi-direction camera, comprising lens means 
(4). comprising light deflecting means (3) arranged 
in front of the lens means (4) and directing light 
beams received in at least two different viewing 
directions to the lens means (4), and comprising 
image sensing means (7), whereon the lens means 
(4) focusses the light received from the light deflect- 
ing means (3) to produce a numer of adjacent part 
images thereon each corresponding to one of the 
viewing directions/ characterized by mark generat- 
ing means (23, 24; 25, 26; 71; 81) for producing a 
visually distinctive line or region at at least one junc- 
tion defined between .two adjacent part images 
formed on the image sensing means (8). 

2. A multi-direction camera in accordance with claim 

1, characterized in that the mark generating means 
are formed by shield means (23, 24; 25, 26; 71; 81) 
which either completely block light or form colour fil- 
ters. 

3. A multi-direction camera in accordance with claim 

2, characterized in that the shield means (23, 24; 
25, 26) are arranged at or formed by a rim portion 
of entrance windows (21 , 22) provided in a housing 
(1 , 2) of the camera to receive the light beams in the 
at least two different viewing directions. 

4. A multi-direction camera in accordance with claim 
2, characterized in that the shield means include a 
shield member (81) arranged at or in the vicinity of 
a junction defined between surface portions (31, 
32) of the light deflecting means (3), which are ori- 
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ented in different manner to form either reflecting 
surfaces or prism surfaces. 

5. A multi-direction camera in accordance with claim 
4, characterized in that the shield member (81) 
projects from the deflecting means (3) and is 
arranged in a plane being parallel to and preferably 
intersecting the axis of the lens means (4). 

6. A multi-direction camera in accordance with claim 4 
or 5, characterized in that the shield member (81) 
forms an integral part of holding means (8) carrying 
the light deflecting means (3). 

7. A multi-direction camera in accordance with claim 1 
or 2, characterized in that the shield means com- 
prise a shield member (71) either completely block- 
ing light or being formed as a colour filter, which is 
arranged on or immediately in front of the image 
sensing means (7) so as to overlie at least one 
junction defined between a pair of adjacent part 
images. 

8. A multi-direction camera in accordance with one of 
claims 1 to 7, characterized in that the lens means 
(4), the light deflecting means (3) and the image 
sensing means (7) are arranged in a housing (1. 2) 
being generally opaque and having transparent 
windows (21 , 22) associated to each of the viewing 
directions. 

9. A multi-direction camera in accordance with claim . 
8, characterized in that the housing (1, 2) or a seg- 
ment (2) thereof, which is formed with the windows 
(21, 22), is made from transparent material, those 
portions of its walls not forming windows carrying 
an opaque coating. . 

10. A multi-direction camera in accordance with one of 
claims 1 to 9, characterized in that the light deflect- 
ing means (3) is formed so as to receive light from 
two opposing viewing directions. 

11. A multi-direction camera in accordance with claim 
10, characterized in that the lens deflecting means 
is formed such that the two opposing viewing direc- 
tions are perpendicular to the axis of the' lens 
means (4). 

12. A multi-direction camera in accordance with claim 
10 or 1 1 , characterized in that it is arranged at a for- 
ward end portion of an automobile such that the two 
opposing viewing directions are transverse to the 
travelling directions of the automobile. 

13. A multi-direction camera in accordance with one of 
claims 1 to 12, characterized in that the deflecting 
means (3) comprises a plurality of reflecting Planes 
(31 , 32), each of which is associated to one of the 



viewing directions. 

14. A multi-direction camera in accordance with claim 
13, characterized in that the deflecting means (3) 

5 comprises an injection molded plastics member, 
optical quality inclined surfaces of which carry a 
light reflecting coating to form the reflecting planes. 

15. A multi-direction camera in accordance .with claim 
10 14, characterized in that the deflecting means (3) 

comprises positioning means (34) formed integral 
therewith and cooperating with complementary 
positioning means (82) formed in holding means 
(8), which in turn is positively connected to the 
75 housing (1, 2). 
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[Fig. 1] 
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[Fig. 2] 
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[Fig. 3] 
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[Fig. 5] 
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[Fig. 9] 




[Fig. 10] 
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[Fig. 11] 
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